Background: There is pressing need to diagnose lung cancer earlier in the United Kingdom (UK) and it is likely that research using computerised general practice records will help this process. Linkage of these records to arealevel geo-demographic classifications may also facilitate case ascertainment for public health programmes, however, there have as yet been no extensive studies of data validity for such purposes. Methods: To first address the need for validation, we assessed the completeness and representativeness of lung cancer data from The Health Improvement Network (THIN) national primary care database by comparing incidence and survival between 2000 and 2009 with the UK National Cancer Registry and the National Lung Cancer Audit Database. Secondly, we explored the potential of a geo-demographic social marketing tool to facilitate disease ascertainment by using Experian's Mosaic Public Sector ™ classification, to identify detailed profiles of the sectors of society where lung cancer incidence was highest. Results: Overall incidence of lung cancer (41.4/100, 000 person-years, 95% confidence interval 40.6-42.1) and median survival (232 days) were similar to other national data; The incidence rate in THIN from 2003-2006 was found to be just over 93% of the national cancer registry rate. Incidence increased considerably with area-level deprivation measured by the Townsend Index and was highest in the North-West of England (65.1/100, 000 person-years). Wider variations in incidence were however identified using Mosaic classifications with the highest incidence in Mosaic Public Sector ™types 'Cared-for pensioners, ' 'Old people in flats' and 'Dignified dependency ' (191.7, 174.2 and 117.1 per 100, 000 person-years respectively). Conclusions: Routine electronic data in THIN are a valid source of lung cancer information. Mosaic ™ identified greater incidence differentials than standard area-level measures and as such could be used as a tool for public health programmes to ascertain future cases more effectively.
Background
More than two-thirds of people with lung cancer in the United Kingdom (UK) have advanced disease at the time of diagnosis when curative treatment can no longer be offered [1, 2] . There exists socioeconomic variations in the incidence of lung cancer [3, 4] and evidence from studies of other cancer screening services and treatments show unequal participation among different population sub-groups in screening services [5] as well as inequity in cancer treatment [6] . To increase earlier ascertainment of lung cancer and reduce lung cancer-related health inequalities, there is a public health need to enhance lung cancer awareness especially in sectors of society where lung cancer incidence is typically high, with a view to shorten the interval between symptoms and presentation to primary care. Computerised general practice records present a potentially useful source of data to understand the current pathway of lung cancer diagnosis in general practice as well as identify the societal distribution of lung cancer but their validity has yet to be established [7] . The Health Improvement Network (THIN) is a computerised longitudinal database of UK general practice records. It has been demonstrated to have high quality data [8] with a high degree of completeness and accuracy for records of cancer incidence [9] as well as other diagnoses [10] [11] [12] . THIN has not been fully exploited for lung cancer studies and its usefulness for lung cancer research will depend on its level of ascertainment and representativeness of lung cancer in the UK.
In addition to routine health information, patients' records in THIN have area-level information such as Strategic Health Authority (SHA) regions and the Townsend Index of multiple deprivation, which have been linked to patients' home postcodes. More recently, patients' records have also been linked to the Mosaic Public Sector ™ variable which is a consumer classification system originally designed by Experian to profile customers for the purpose of market research [13] . Compared with the wellknown and commonly used Townsend Index [14] which measures the area-based level of material deprivation using four indicators: unemployment, car ownership, house ownership and overcrowding, Mosaic Public Sector ™ classifications take account of more granular characteristics of the population living at different UK postcodes and therefore allows a clearer identification of the characteristics and differing needs of people [15] . To date, Mosaic classification has been used to a limited extent for the targeting of population public health services to those most in need [16] and studies have usefully applied it to demonstrate social disparities in health-related behaviours such as heavy episodic drinking [17] and smoking prevalence [18] .
The aims of this study were firstly, to assess the completeness and representativeness of overall and area-level lung cancer data in THIN and secondly, using Experian's Mosaic Public Sector ™ classification, identify the particular sectors of UK society where lung cancer incidence was highest. This could enable focused and targeted public health efforts to improve lung cancer awareness and care.
Methods
The Health Improvement Network database is a computerised longitudinal database of general practice records that are collected regularly from each practice's clinical system without intervention to normal practice operation [19] . At the time of this study, THIN had data from 446 UK general practices with a total of 8.2 million people of which more than 3.2 million were actively registered and could be prospectively followed [19] .
We identified all patients with a first recorded diagnosis of lung cancer from the 1st of January 2000 to the 28th of July 2009, which was the last date of data collection (Read codes for lung cancer diagnosis available on request) and then excluded all patients with codes for mesothelioma.
Analysis was done using incident cases of lung cancer in order to obtain a measure of true survival of lung cancer patients and therefore avoid any survival bias that may arise with prevalent cases. To ensure that we had only incident cases, we included only patients who had been registered in the practice for at least 1 year prior to their first diagnosis of lung cancer. The denominator for incidence analyses included all patients in THIN general practices who had contributed data after the 1st of January 2000 and who had at least one year of data in the dataset. Incidence rates with 95% confidence intervals (CI) were calculated as the total number of new lung cancer cases per 100, 000 person-years at risk. To assess the completeness of lung cancer ascertainment in THIN general practices and whether this varied by different UK SHA regions, we calculated the THIN lung cancer incidence rates from 2006-2008 (period when lung cancer recording in our database was deemed most reliable) for each SHA and compared these with the 2003-2007 lung cancer rates recorded by the National Cancer Registry [20] .
Overall incidence rates in the population were calculated for the study period (2000-2009) and the results were stratified by calendar years (3-year periods), age (10-year age bands up to ≥ 90 years), sex, socioeconomic status and SHA region. Our measure of socioeconomic status was the Townsend Index of multiple deprivation in quintiles for each output area (approximately 150 households) using the 2001 census data [19] . We also calculated lung cancer incidence rates by Mosaic Public Sector ™ groups and types. Mosaic Public Sector ™ classification refines areas at a higher level than available deprivation markers by using data from 400 variables to classify all unique postcodes (approximately 15 to 20 households [21] ) within the UK into 61 types, each type being a member of one of 11 groups (Additional file 1 Table S1 ). Classification is based on typical neighbourhood demographics, behaviour, consumer values, consumption patterns, lifestyle, education and social and health-related attitudes [22] . Because age and sex are used in part to derive the Mosaic Public Sector ™ classification, we did not adjust our Mosaic models for these covariates. Incidence rate ratios (IRR) between different population strata were obtained using multivariate Cox proportional hazards regression. We further analysed the incidence rate ratios using separate random effects Poisson regression models to adjust for any effects due to the variable reporting in general practices [23] .
Lung cancer survival rates were calculated from the period of first recorded lung cancer diagnosis to death or the date of last data collection from the general practice. To further validate the lung cancer data in THIN, survival rates of lung cancer in THIN were compared with rates in the National Lung Cancer Audit database (LUCADA) [1] , which is a good source of highly representative information on diagnosis and survival of lung cancer patients in NHS trusts throughout England, Wales and Scotland. Cox proportional hazards models were used to model survival data with age, sex and socioeconomic status to determine the relationship between these factors and lung cancer survival. The Cox proportional hazards assumption was assessed for each of the models by plotting the log minus log transformation of the Kaplan-Meier estimator of the survival function against time.
All analyses were done using STATA release SE11 [24] and the study protocol was reviewed and approved in 2009 by the Cegedim Strategic Data Medical Research Scientific Review Committee.
Results
We identified a total of 12, 135 incident cases of lung cancer recorded in THIN between the 1st of January 2000 and the 28th of July 2009. There were 7, 184 males and 4, 951 females comprising 59.2% and 40.8% of all lung cancer cases respectively. The median age at lung cancer diagnosis was 72.6 years (Inter-quartile range [IQR]: 64.5-79.0). The median age at lung cancer death was 73.8 years (IQR: 65.7-80.0).
Lung cancer incidence
The overall incidence of lung cancer in THIN for the whole study period from 2000 to 2009 was 41.4 per 100, 000 person-years (95% CI 40.6-42.1) ( Table 1 ). There was an increase in the overall incidence of lung cancer by approximately 4% for every 3-year period (IRR 1.04, 95% CI 1.04- Table 1 shows the variation in lung cancer incidence by sex and age. Incidence rates were 50% higher in males (49.4 per 100, 000 person-years, 95% CI 48.2-50.5) compared with females (33.5 per 100, 000 person-years, 95% CI 32.6-34.4) and increased with age, reaching a peak in the 80-90 year age-group in males and in the 70-80 year age-group in females. Table 2 shows that the overall lung cancer incidence rate in THIN for all the SHAs between 2006-2008 was 46.8 per 100, 000 person-years accounting for 93.2% of the national cancer registry incidence rate of 50.2 per 100, 000 person-years. The highest rates of lung cancer in THIN were in the North-West of England followed by Scotland and the North-East of England and this pattern was similar over the entire study period from 2000-2009 (data for entire study period not shown). The lowest incidence rates were in London and the South-East coast. Comparing lung cancer incidence rates in THIN in the SHA regions over the 3 year period from 2006-2008 (when lung cancer incidence in THIN had increased from the initial stages of the study and reached a plateau) with national cancer registry rates, the rates in THIN and registry were comparable in 9 of the 13 SHAs. THIN incidence rates were higher than registry rates in the South-West of England but the rates were lower than registry rates in London, Northern Ireland and the West Midlands.
We found a strong relationship between socioeconomic deprivation and lung cancer incidence (Table 3) . Using the Townsend Index as a measure of area level deprivation, the highest lung cancer incidence rate of 61.5 per 100, 000 person-years (95% CI 59.1-64.1) in the most deprived Townsend quintile was over twice the incidence rate of 28.7 per 100, 000 person-years (95% CI 27.5-30.0) in the least deprived quintile. After adjusting for the effects of age, sex and general practice (Table 3 & Figure 2 ), there was an 11% increase in lung cancer incidence for every category increase in Townsend quintile (IRR 1.11, 95% CI 1.10-1.12) and the rate of lung cancer among people in the most deprived Townsend quintile was 2.2 times higher than the rate in the least deprived quintile (IRR 2.2, 95% CI 2.0-2.3).
Compared with Townsend Index quintiles, there were wider variations in the incidence of lung cancer 
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Reference groups (Mosaic group B; Townsend quintile 1). Analyses of the 61 Mosaic Public Sector ™ types ( Figure  3 ) showed the highest lung cancer incidence rate of 191.7 per 100, 000 person-years (95% CI 173.8-211.5) in Mosaic Public Sector ™ type I50 (Cared for pensioners). The next highest incidence rate of 174.2 per 100, 000 person-years (95% CI 151.1-200.7) was found in Mosaic Public Sector ™ type I48 (Old people in flats). Lung cancer incidence was lowest for people in Mosaic Public Sector ™ type B10 (Upscale new owners) with a rate of 6.2 per 100, 000 person-years (95% CI 4.4-8.7). The incidence rate of lung cancer in Mosaic type I50 was 31.2 times higher (IRR 31.2, 95% CI 21.9-44.5) when compared to the rate in Mosaic type B10. Table 4 summarizes the typical characteristics of the Mosaic Public Sector ™ groups and types where lung cancer incidences were highest in the UK.
Lung cancer survival
Among the 12, 135 lung cancer cases studied, 8, 885 (73.2%) died during the study period. Six months after diagnosis, 57% of the cases were still alive; one year after, 37% of the cases were alive and five years after, only 11% of the cases were alive. The median survival of the cases was 232 days (IQR: 76-630 days). This was only slightly better than survival in LUCADA where the median survival was 203 days with a one year survival of 32%.
Male lung cancer patients died earlier than female patients with a median survival for males of 221 days (IQR: 72-580 days) compared with 251 days (IQR: 83-709 days) for females. The percentages of males alive at 6 months, 1 year and 5 years after diagnosis were 55%, 36% and 10% respectively. Survival for females on the other hand at 6 months, 1 year and 5 years were 59%, 40% and 12% respectively. Survival for patients in THIN was better than survival in the cancer registry [25] , where the one year lung cancer survival was 27% for men and 30% for women. After adjusting for the effect of age at diagnosis, male lung cancer patients in THIN had 11% worse survival than female lung cancer patients (Hazards ratio for death -1.11, 95% CI 1.06 to 1.16). Table 5 shows that lung cancer survival worsened with increasing age at diagnosis. Using the Townsend index deprivation quintile as a measure of socioeconomic status, survival did not differ across socioeconomic groups.
Discussion
The overall incidence rate of lung cancer recorded in THIN general practices was 41.4 per 100, 000 personyears between 2000 and 2009, however incidence from 2000-2002 was lower than in the latter periods of the study. This supports findings from a previous study which showed that the observed recording rates of pancreatic, colorectal and lung cancers in THIN prior to 2004 were lower than expected based on the national cancer registry data but increased to approximately 80% of registry rates after 2004 [9] . It has been suggested that a large increase in the recruitment of general practices to THIN in 2003 associated with receipt of training in data entry, experience in using the Vision software, and the institution of cancer quality improvement measures by the national Health Service in 2003 may have all contributed to the increase in recording of these cancers [9] . The introduction of the Quality and Outcomes Framework (QOF) [26] in 2004 which encourages general practitioners to record all new cases of cancer may also partly explain the increase in cancer recording in THIN. After comparing the lung cancer incidence rate in THIN with incidence rate recorded by the national cancer registry [20] , our study confirms that THIN captures a significantly higher proportion of lung cancer incidence in more recent years.
Lung cancer Incidence
There are two reliable national lung cancer databases in the UK against which THIN data can be compared to assess its completeness and representativeness. These are the National Lung Cancer Audit database (LUCADA) [1] which has been shown to be highly representative of people with lung cancer in England [27] ; and the national cancer registry data reported by the Office of National Statistics (ONS) [28] which is a good source of information on lung cancer incidence. Data reported by the ONS are systematically collected from all regional cancer registries in England, Wales, Scotland and Northern Ireland. Reassuringly, the sex distribution of lung cancer cases in THIN, the median age at diagnosis and at death, and the increasing incidence with greater socioeconomic deprivation were all comparable to findings from LUCADA [27] . Comparison of the lung cancer incidence rate in THIN with the incidence rate reported by the national cancer registry [20] , showed the incidence rate in THIN to be over 93% of the cancer registry incidence rate. Geographical variations in lung cancer incidence in THIN were also mostly similar to registry data. The highest incidence rates were in the North-West of England, North-East of England and Scotland while the South East Coast and London had the lowest incidence. Cancer registry data however, shows incidence in London to be exceptionally high compared to other SHA regions in southern England. This is in contrast to THIN where the lowest incidence of lung cancer was in London, which may be due to THIN's over recruitment of practices covering slightly more affluent areas [29, 30] . The population of THIN also has an over-representation of practices from the South-East of England where incidence rates are among the lowest so it is therefore unsurprising that the crude overall lung cancer incidence in THIN is marginally lower than the incidence rates based on registry data. The difference between THIN and registry incidence rates may also be partly attributed to the fact that [31] .
Societal distribution of lung cancer
The association we found between lung cancer incidence and greater socioeconomic deprivation was independent of age, sex and general practice and is consistent with findings from other studies [3, 4] . Variations in lung cancer incidence were however, more marked in the Mosaic groups and types than in Townsend deprivation quintiles. Mosaic Public Sector ™ segmentation classifies UK households and postcodes into several lifestyle groups and types based on finer characteristics which enabled us to identify much higher incidence rates of lung cancer in specific sectors of society. Mosaic Public Sector ™ types I50 (Cared for pensioners), I48 (Old people in flats) and F39 (Dignified dependency) had the highest lung cancer incidence rates and this was unsurprising considering the fact that these Mosaic Public Sector ™ types are characterised mostly by older people who have poor levels of education, are mostly reliant on state benefits and live relatively less healthy lifestyles including above average smoking rates. Mosaic classification is done at the household as well as the postcode level and although about half (54%) of the data used for Mosaic profiling are sourced from the 2001 census, the other 46% are derived from sources such as the Experian Lifestyle Survey, consumer credit databases, the electoral roll, shareholder registers, Land registry data, Council Tax information, the Hospital Episode Statistics, the British Crime Survey, Expenditure and Food Survey and other sources [13] . Mosaic profiling is therefore based on an exchange of information which enhances a deeper understanding of the characteristics of people in the various groups and types [15] unlike the Townsend Index which uses a less complex classification of postcodes based on measures of socioeconomic deprivation from census data [14] . To accurately target public health resources and develop tailored public health campaigns and interventions, the differing needs of deprived populations have to be identified and understood and in this regard, Mosaic classification is particularly valuable.
Lung cancer survival
Median survival for people with lung cancer in THIN was only slightly better than survival in LUCADA [27] . The survival estimates in THIN and LUCADA were marginally higher when compared with survival in the cancer registry [25] and most likely reflect the different methods of case ascertainment [32] ; in particular, the registry ascertains cases with a diagnosis of lung cancer only on a death certificate whilst these cases, having no supporting clinical data prior to death, may not have been recorded in THIN nor LUCADA.
Socioeconomic deprivation did not affect survival of people with lung cancer in THIN and this is consistent with the findings from LUCADA [27] . This lack of association may reflect the dismal prognosis of lung cancer in general and the lack of effective treatments for most people with lung cancer.
A major strength of this study is that Experian's Mosaic Public Sector ™ classification tool provides a finer and more detailed classification of the UK population than any other socio-demographic classification markers such as Townsend deprivation index [14] and therefore allows programs and interventions to be tailored to the specific needs of the population.
Potential limitations of using routine general practice data for research is that detailed diagnostic criteria for medical conditions may vary between practices and between doctors in the same practice [33] and analyses using these data assume the best diagnostic formulation without taking account variations in the perception of morbidity. The diagnosis of lung cancer is however made following investigations carried out by chest physicians in secondary care [34] . It is therefore unlikely that differences in GPs diagnostic criteria or perception of the disease would have had a large impact on the records of lung cancer in this analysis.
Conclusion
Our analyses have shown that general practice data from THIN are representative of lung cancer in the UK and capture the vast majority of cases from cancer registries. UK general practice data are thus a potentially valuable tool for lung cancer research as they are the only source of detailed prospectively collected health information available at a population level both before and after lung cancer diagnosis. Linkage of patients' records to Experian's Mosaic Public Sector ™ classification has also provided us with a more refined knowledge of the sectors of society where lung cancer incidence is highest in the UK. As such, Mosaic could be used outside general practice as an important tool to reduce lung cancer-related health inequalities by enabling tailored public health campaigns and interventions to be more precisely and thus effectively targeted geographically to specific lifestyle groups in society. 
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